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Introduction

Lithium-ion batteries (LIBs) have been a popular option for many
applications in electrochemical energy storage. However, concerns over
the availability of lithium and cobalt, the two most common elements
used in LIBs, have led to the renewed interest in more sustainable
alternatives, especially in large-scale energy storage applications.
Sodium-ion batteries (SIBs) have gained an interest as an alternative
due to the large abundance of sodium and relatively low cost. In
particular, layered transition metal oxides (LTMOs) have been the main
focus of positive electrode materials research due to their high
capacities, and high operating voltage. The P3-type Na0.5Ni0.25Mn0.75O2
material is a promising manganese-rich positive electrode for future SIBs
due to its high working voltage and capacity.

Materials Characterization
After Irradiation

Background

In an ion battery there are three components:
• Cathode (positive electrode)
• Anode (negative electrode)
• Electrolyte

Figure 1: The XRD pattern does not show any peaks indicative of the
P2 structure.

During discharging of the battery, the sodium ions travel from the anode
to the cathode through the ion-conducting/electron-impeding electrolyte,
while electrons move externally providing electricity, and vice versa.
P-type and
O-type
structures
[1]

Figure 3: The EDS spectrum of the pure P3 sample establishes
a baseline of chemical composition to compare.

Electrochemical Properties

Due to the rapid capacity fading of the high voltage P3-O3 phase
transition, an attempt (similar to Liang’s work [2], seen above) was made
to synthesize a P2 coated P3 material in order to increase the stability of
the material.

Methods

• The alkali transition metal P3-Na0.5Ni0.25Mn0.75O2 was synthesized
• Through a wet chemistry process an attempt was made to coat the
P3 powder with P2-Na2/3MnO2
• The cathode material was characterized through X-Ray diffraction
(XRD), energy dispersive x-ray spectroscopy (EDS) and
transmission electron microscopy (TEM). The powder was then
laminated into a cathode material and assembled into coin cells for
electrochemical analysis.

Figure 5: The graphs compare the cycling stability of the half cells vs sodium
metal (2-4.05V, 150 mA/g, 1M NaClO4 in PC). The “P2 coated P3” sample
observed a higher capacity, higher retention, and improved columbic
efficiency over the pure P3 sample.

Figure 2: The TEM images does not have an observable
coating, unlike Liang’s paper [1].

Figure 4: The EDS spectrum of the sample that underwent the
wet chemical process was found to have an altered chemical
composition with an overall higher content of Mn.

Conclusion

• A P2 coated P3 synthesis was attempted through a wet
chemistry process. Through characterization techniques a
P2 coating was not observed.
• This may be due to sodium and manganese diffusing into
the sodium-deficient P3-type material
• EDS spectrums indicated an altered chemical composition
when compared to the pure P3 material.
• The graph showed overall increase in electrochemical
performance.
• Future research should be conducted in order to understand
the effects of the synthesis on the pure P3 material, and if
any procedural modifications can be made to suppress the
sodium/manganese diffusion in order to capture the P2 layer
for implementation if future sodium-ion batteries
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